Mycosis fungoides and Sézary syndrome (MF/SS) are mature T-cell lymphomas that originate in the skin. The age-adjusted incidence rate per 100 000 person-years in the United States in 2005-2008 was 0.01 for SS and 0.55 for MF (1) , with the latter showing a slight increase compared with the rate of 0.41 per 100 000 personyears in 2001-05 (1, 2) . While the age-adjusted incidence rates vary between countries, a slightly increased incidence of MF has also been reported in Norway (3) and Japan (4) over the past decades. The incidence of MF/SS is around 1.5 times higher in males than females (2, 3) . In the United States, the highest incidence rate of MF is observed among African Americans, with a black-to-white incidence rate ratio of 1.55 (2) .
MF presents in the skin with patches/plaques and is characterized by epidermal and dermal infiltration of small to medium-sized T cells with cerebriform nuclei (5) . MF generally has a long natural history and is likely to be diagnosed at an early stage, resulting in a generally good prognosis with a median survival of more than 25 years (6, 7) . SS is characterized by the presence of erythroderma, lymphadenopathy, and neoplastic T lymphocytes in the blood and its behavior is much more aggressive with a median survival of about 5 years (6, 7) .
Because of the rarity of these diseases, very few epidemiologic studies on MF/SS risk factors have been conducted thus far, and the only identified risk factors are male gender, advanced age, and African American descent (8) . Smoking and alcohol consumption (9) , several occupations and the related exposures (9) (10) (11) (12) , atopic diseases (9, 13) , sun exposure (14, 15) , and several infectious agents such as human herpesvirus 8, hepatitis C virus (HCV), Borrelia burgdorferi, and cytomegalovirus (16) (17) (18) (19) (20) have been studied, but their roles in the etiology of MF/SS remain unestablished.
To advance our understanding of MF/SS etiology, we investigated associations with lifestyle, medical history, family history, and occupational risk factors in a pooled analysis of 324 cases and 17 217 controls from 14 case-control studies from Europe, North America, and Australia as part of the International Lymphoma Epidemiology Consortium (InterLymph) Non-Hodgkin Lymphoma (NHL) Subtypes Project.
Methods

Study Population
Detailed methodology for the InterLymph NHL Subtypes Project is provided elsewhere in this issue. Studies eligible for inclusion in this pooled analysis fulfilled the following criteria: 1) case-control design, with incident, histologically confirmed cases of MF/SS, and 2) availability of individual-level data for at least several risk factors of interest by December 31, 2011 . Most studies excluded individuals with a known history of solid organ transplantation or HIV/ AIDS.
Contributing studies were approved by local ethics review committees, and all participants provided written, informed consent before interview.
NHL Subtype Ascertainment and Harmonization
Cases were classified according to the World Health Organization classification (5,21) using guidelines from the InterLymph Pathology Working Group (22, 23) . Most studies had some form of centralized pathology review by at least one expert hematopathologist to confirm the diagnoses. Each participating study's pathology review procedures, rules for NHL subtype classification, and NHL subtype distribution were reviewed by an interdisciplinary team of pathologists and epidemiologists.
Risk Factor Ascertainment and Harmonization
Each study collected data on putative NHL risk factors in a standardized, structured format by in-person or telephone interviews and/or self-reported questionnaires. Risk factors selected for inclusion in this analysis were lifestyle, medical history, family history, and occupational risk factors with data from at least four studies. Centralized harmonization of de-identified individual-level data from each study was a key element of the project. Each exposure variable was harmonized separately, before being reviewed for consistency among related exposure variables. Details of the data harmonization rules are provided elsewhere in this issue.
Statistical Analysis
Risk of MF/SS associated with each exposure variable was examined using logistic regression models adjusted for age, race/ethnicity, and gender. Statistical significance of each relationship was evaluated by a likelihood ratio test, comparing models with and without the exposure variable of interest, with P values less than .05 identifying putatively influential factors. To evaluate effect heterogeneity among the 14 studies, we performed a separate logistic regression within each study and then quantified the variability of the coefficients by the H statistic, adapting the definition by Higgins and Thompson to categorical variables (24) .
We then examined the relationship between case/control status and each putative risk factor considering possible effect modification and accounting for other potential confounders. To consider possible effect modification, we stratified the above logistic regression analyses by age, gender, race/ethnicity, region (ie, Northern Europe, Southern Europe, North America, and Australia) study, study design (ie population-based vs. hospital-based), or other putative risk factors identified in the analysis. Also, we set multivariate regression models adjusting each risk estimate for the other putative risk factor included one at the time, and a forward step-wise single regression model including all putative risk factors. Because the results did not change substantially with use of the multivariate models, ORs are presented from the minimally adjusted models only.
Because controls for most original studies were frequencymatched to the age and gender distribution of all NHL cases, rather than just MF/SS, we conducted sensitivity analyses using a subset of controls that were frequency-matched by age and gender to cases of MF/SS. The results from these sensitivity analyses were very similar to the results obtained using the full set of controls; thus, we retained the full set of controls for our main analyses to increase statistical power.
Results
This pooled analysis included the largest number of subjects from North America (61% cases and 43% controls), followed by Northern Europe (20% cases and 34% controls), Southern Europe (17% cases and 19% controls), and Australia (1% cases and 4% controls). Most of the study population came from population-based studies (86% cases and 80% controls), with the remainder coming from hospital-based studies (14% cases and 20% controls). Of the 324 cases, 271 (84%) were MF, 13 (4%) were SS, and 40 (12%) were unclassified MF/ SS; the majority (78%) of MF/SS cases were histologically classified based on the WHO Classification. Cases and controls showed similar distributions of age, gender, and socioeconomic status (Table 1) . MF/SS cases had higher percentages of African Americans and Asians compared with controls (due to the distribution in US studies).
The associations between lifestyle factors and risk of MF/ SS based on basic adjusted models are presented in Table 2 . However, no evidence of an increasing trend was observed with increasing years of smoking or BMI. On the other hand, compared with people who were not engaged in leisure-time physical activity, those who reported moderate (OR = 0.44, 95% CI = 0.21 to 0.91) or vigorous (OR = 0.50, 95% CI = 0.28 to 0.90) physical activity was inversely associated with a reduced risk of MF/SS. Again, no trend was detected with level of physical activity. We did not observe an association with alcohol consumption, hair dye use or sun exposure.
Among previous medical conditions, eczema was significantly associated with an increased risk of MF/SS (Table 3) . Although the association was stronger for those who were diagnosed within 10 years of MF/SS diagnosis (OR = 4.12, 95% CI = 1.54 to 11.04 for 2-<5 years before diagnosis; OR = 4.87, 95% CI = 2.15 to 11.02 for 5-<10 years before diagnosis), suggesting possible misdiagnosis of eczema as MF/SS, risk was statisticalltly elevated also for history of eczema beyond 10 years (OR = 1.90, 95% CI = 1.27 to 2.85). An evaluation of individual autoimmune diseases was not permissible due to small numbers. We observed two cases of autoimmune diseases that activate both B and T cells, resulting in a significant increase in MF/SS risk. Other medical conditions, including atopic disorders other than eczema, psoriasis, inflammatory bowel disorders, blood transfusion, HCV infection, oral contraceptive use, and hormone replacement therapy showed weak associations (Table 3) .
A family history of multiple myeloma, but not family history of hematologic malignancies overall, or history of other specific lymphohemopoietic cancer, showed an excess risk (OR = 6.17, 95% CI = 2.39 to 15.91, based on six cases).
An elevated risk of MF/SS was associated with several occupations (Table 4) , including crop and vegetable farm workers (OR = 2.76, 95% CI = 1.35 to 5.61), painters (OR = 3.42, 95% CI = 1.81 to 6.47), woodworkers (OR = 2.19, 95% CI = 1.19 to 4.03), and general carpenters (OR = 4.50, 95% CI = 1.74 to 11.62). A significant linear trend was observed with years of employment for woodworkers (P for trend = .025) but not others (data not shown). None of the other occupations evaluated showed a significant association with MF/SS risk.
Results from multivariate analysis are presented in Table 5 . All statistically significant associations remained except for vigorous leisure time physical activity.
Limiting our analysis to MF cases (n = 271) did not change the results (data not shown). No meaningful inter-study heterogeneity was detected.
Discussion
The results of our pooled analysis of 324 cases and 17 217 controls from 14 case-control studies from Europe, North America, * CI = confidence interval; HCV = hepatitis C virus; HRT = hormone replacement therapy; OC = oral contraceptives; OR = odds ratio. † OR (95% CI) adjusted for age, sex, and race. ‡ Atopic disorders include asthma, eczema, hay fever, or other allergies, excluding drug allergies. § History of allergy excludes drug allergies, asthma, eczema, and hay fever. and Australia, suggest that subjects with a positive family history of multiple myeloma and subjects working in crop and vegetable farms, or as painters, carpenters or woodworkers, might be at an increased risk of MF/SS. A history of eczema for more than 10 years before MF/SS diagnosis also increased risk. Among personal and lifestyle risk factors, only obesity and prolonged cigarette smoking seem to convey an increased risk, while a moderate/vigorous leisure time physical activity might be protective. As both MF and SS are rare, few results have previously been published and are available for comparison with our findings. Chronic exposure to cigarette smoke has been associated with decreased immune responsiveness, particularly for T cells, in both human and animal studies (25) , which would suggest a potential link to decreased immune surveillance and increased lymphoma risk. In a previous pooled InterLymph study, heavy smoking was associated with an increased risk of follicular lymphoma but not other NHL subtypes, including MF (26) . In the European multicenter study of MF, a linear increase in MF risk with increasing pack-years of smoking was observed, although the trend was not statistically significant (27) . In the analyses presented here, a significant association was observed among individuals who had smoked cigarettes for 40 years or more, but no dose-response was observed with increasing duration.
Obesity promotes a state of low-grade chronic inflammation and increased production of proinflammatory cytokines such as interleukin (IL)-6, tumor necrosis factor-α, IL-1b, and leptin (28) . These cytokines can deregulate T-and B-cell responses and enhance B-cell proliferation and survival, factors that may provide a milieu that favors lymphomagenesis (29) . In our analysis, a BMI greater than or equal to 30 kg/m 2 was associated with an increased risk of MF/SS, although we were unable to support with statistical significance the observed linear increase in risk by increasing BMI. A similar finding was reported for diffuse large B-cell lymphoma in a previous InterLymph study of NHL overall and common NHL subtypes; however, MF/SS was not analyzed as a separate outcome in that study (30) .
Moderate physical activity may improve immune function and it may therefore protect against NHL and possibly MF/SS (31) . In our study we found that, compared with people who were not engaged in leisure-time physical activity, those who engaged in moderate and vigorous physical activity experienced a reduced risk of MF/SS. However, the decrease in MF/SS risk by increasing level of physical activity was not linear, and the multivariate analysis partially weakened the inverse association. Previous reports suggest that moderate exercise may reduce NHL risk (32, 33) . More research in this area is warranted.
In agreement with a previous InterLymph study (13) , we found that a previous medical history of eczema was associated with an increased risk of MF/SS, which appeared to be stronger for those who were diagnosed within 10 years of MF/SS diagnosis. Such a pattern might suggest the possibility that early MF may be mistaken for eczema in some cases. Alternatively, the association with eczema may be an indicator of eczema as an early disease rather than a risk factor as it often goes undiagnosed for years. However, the risk remained significantly elevated for those who were diagnosed more than 10 years before MF/SS diagnosis. Eczema is a form of chronic dermatitis which is known to have a pathogenetic association with early stages of MF (34) . Specific autoimmune diseases were rare and no analysis of their associations with MF/SS risk was feasible; after categorizing autoimmune diseases by whether B or T cells were activated, no association was observed. However, two cases of autoimmune diseases that activate both B and T cells were observed, resulting in an elevated MF/SS risk. B cell activating diseases included Hashimoto thyroiditis, hemolytic anemia, myasthenia gravis, pernicious anemia, rheumatoid arthritis, Sjögren's syndrome, and systemic lupus erythematosus. T cell activating diseases included celiac disease, immune thrombocytopenic purpura, inflammatory bowel disorder (Crohn's disease, ulcerative colitis), multiple sclerosis, polymyositis or dermatomyositis, psoriasis, sarcoidosis, systemic sclerosis or scleroderma, and type 1 diabetes.
A role for genetic susceptibility in MF/SS is supported by the accumulating evidence of common genetic variations altering MF risk (35, 36) . In our study, persons with a family history of multiple myeloma had an excess risk of MF/SS, but no association was found with family history of any hematologic malignancy. In a previous pooled InterLymph analysis, risk of specific NHL subtypes, including T-cell lymphomas (MF/SS were not separately evaluated), were elevated among subjects who reported a family history of hematologic malignancies in first-degree relatives, particularly multiple myeloma in males (37) . However, it is also possible that since multiple myeloma and MF are increased in blacks (37) , this may confound the association.
The evaluation of occupational risk factors showed that crop and vegetable farm workers, painters, woodworkers and carpenters experienced an increased risk of MF/SS. Although we did not examine specific occupational exposures, our findings are consistent with the results of other studies that examined exposures potentially encountered in these occupations. In a European casecontrol study, occupational exposures to the broad category of aromatic and/or halogenated hydrocarbons, which are widely used as solvents, and to pesticides in general were identified as potential risk factors for MF (10) . An excess risk of NHL among farmers and agricultural workers has been repeatedly reported, suggesting a potential link with farming exposures including pesticides (38, 39) . Among the most commonly used agrochemicals, organophosphate insecticides were associated with an increased risk in the European Epilymph study, limited to the chronic lymphocytic leukemia subtype (40) . Other occupations previously associated with an increase in MF risk include different manufacturing industries, such as petrochemical, textile, and various metal industries (41) (42) (43) . Painters and woodworkers may also be exposed to solvents in paint thinners and paint and grease removers, including benzene and trichloroethylene previously associated with increased risk of other NHL subtypes in prior reports from included studies (44, 45) . Other exposures possibly related to the excess risk we observed for these occupations include chlorophenols, wood dust, and molds (Cocco P, unpublished data). Our results suggest that these and other potentially harmful exposures should be explored in greater detail in future investigations using advanced occupational exposure assessment methods.
Although this is the largest study to date that examines numerous putative risk factors in relation to MF/SS, the small number of subjects was still a limitation. All cases were histologically confirmed, but centralized review of all cases by a team of study pathologists was not feasible, and thus some misclassification may be present. As multiple hypotheses have been tested and a number of comparisons have been made, chance findings cannot be ruled out.
Since only 13 SS cases were included in this study, we were unable to examine associations specific to SS; therefore, the observed associations were predominantly driven by MF and may not apply to SS. Another limitation is related to the number of comparisons we made, which might have generated several positive findings as the sole result of chance. However, negative findings might have been missed as the study size is insufficient to detect weaker associations. In conclusion, our pooled analysis of lifestyle factors, medical history, and occupation and MF/SS suggests potential positive associations with elevated BMI, long-term cigarette smoking, eczema, and family history of multiple myeloma, and a potential negative association with moderate leisure time physical activity. Our findings for farming and other occupations point to avenues for additional research to identify specific occupational exposures that may be responsible for these associations. Future research is warranted to confirm these findings in prospectively collected data and in other populations.
